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CHAPTER I
Total Synthesis of Phytotoxic lactone Herbarumin I
The term macrocycle refers to medium and large size ring compounds, having 7-12 or more atoms in the ring. Macrocyclic structures that have one or more ester linkages are generally referred to as macrolides or macrocyclic ring lactones. In some cases, macrocyclic lactams have also been described as macrolides. Originally macrolides denoted a class of antibiotics derived from species of Streptomyces and containing a highly substituted macrocyclic lactone ring aglycone with few double bonds and one or more sugars, which may be aminosugars, non-nitrogen sugars or both. Figure 1 shows the general structure representation of some macrolides.
	








In 2000, Rivero-Cruz et al. reported the isolation of ten membered lactones herbarumines I-III (3-5) from the fungus Phoma (P. herbarum). The absolute stereo configuration was determined by the exciton chirality method. These lactones exhibited significant phytotoxic effects when tested against the seedlings of Amaranthus hypochondriacus at very low concentrations using a Petri dish bioassay. Amongst these lactones herbarumin-I (3) shows promising phytotoxic effects with IC50 values as low as 5.43 X 10-5. Enzyme-inhibition studies of compounds 3-5 also suggested an interesting behavior superior to chloropromazine, as calmodulin-dependent enzyme cyclic nucleotide (cAMP) phospodiesterase calmodulin inhibitors without interfering with the basal activity or the independent form of the enzyme.
                                               

Figure 2
Herbarumines (3-5) are 10-membered lactones containing a double bond of (E)- geometry and having two contiguous hydroxyl groups at (C-7 & C-8) in a erythro fashion with (S)-absolute configurations and another stereocentre (C-9) with (R)- configuration with n-propyl as side chain at C-9. Herbarumine I (3) represents a novel alkyl-substituted nonenolide structurally related to a family of phytotoxins such as achaetolide, pinolidoxin, lethalotoxin, putaminoxins and microcarpolide, from which it differs in the hydroxylation pattern and the double bond position within the 10-membered lactone, as well as in the n-propyl side chain at C-9.
Synthesis of Herbarumin I (3)

 Scheme 1.  Retrosynthetic approach to Herbarumin I (3)
The retro synthetic approach of herbarumin I (3) is depicted in Scheme 1. Our planned approach for the synthesis of herbarumin I (3) involved Grubb’s rin​g closing metathesis, Yamaguchi’s lactonisation, asymmetric Sharpless epoxidation and diastereoselective reduction as the key steps for chiral induction from D(-)isoascorbic acid (6) as chiral source (Scheme 1).
The synthesis of herbarumin I (3) initiated with commercially available D(-) isoascorbic acid (6) (Scheme 2). Initially compound 6 was converted into ester (7) using the known literature procedure. The ester (7) was used for the synthesis of dibenzylated acetonide (13) via two different approaches. In first approach the ester (7) was converted into its TBS ester (8) using TBDMSCl and imidazole in 96% yield. Compound 8 was further converted into the unsaturated ester (9) using DIBAL-H reduction and Wittig olefination reaction in 82% yield. This unsaturated ester (9) was further reduced to unsaturated primary alcohol (10) using DIBAL-H and converted into epoxy alcohol (11) using Sharpless asymmetric epoxidation. The epoxy alcohol (11) was further converted into chloroepoxide using TPP in CCl4 which on reaction with sodium metal afforded allylic alcohol (12) in 68% (for two steps). The TBDMS deprotection of (12) using TBAF followed by the benzyl protection afforded the dibenzylated acetonide compound (13) in 95% yield. Compound (13) was also achieved in an alternative route from the ester (7) in sequential steps of reaction. Initially hydroxyl ester (7) was protected as benzyl derivative (14) using silver oxide and benzyl bromide. This was converted into its vinylic ketone (16) through Weinreb’s amide intermediate (15) followed by reaction with vinyl magnesium bromide. The stereoselective reduction of ketone (16) using ZnBH4 afforded the required allylic alcohol (17) as exclusive product in 86% yield with 94:6 ratio (trans/cis). Benzyl protection of (17) using NaH and benzyl bromide afforded compound (13) which was identical to the one obtained in the previous method. The acetonide deprotection of (13) afforded primary diol (18) which was monotosylated using p-toluene sulfonyl chloride and Et3N and subsequently the monotosylated derivative was reacted with K2CO3 in methanol afforded epoxide (19) in 85% yield. Epoxide (19) on treatment with ethyl magnesium bromide afforded alcohol (20) in 75% yield. The macrolactonisation of (20) with 5-hexenoic acid using Et3N, DMAP and 2,4,6-trichlorobenzoyl chloride afforded the ester (21) in 87% yield.  Diene ester (21) was subjected to ring closing metathesis using Grubb’s condition afforded cyclic macrolactone (22). Finally the deprotection of benzyl groups using TiCl4 afforded the natural product herbarumin I (3) in 74% yield1. 

Scheme 2. Reagents and Conditions: (a) TBDMS-Cl, Imidazole, DCM, rt, 3 h 96%; (b) (i) DIBAL-H, DCM, -78oC, 30 min; (ii) EtO2CCHPPh3, DCM, 2 h, 82% ( for two steps); (c) DIBAL-H, DCM, -78oC, 30 min, 89%; (d) (-)DET, Ti(OPri)4, TBHP, Molecular sieves 4oA, DCM, -20oC, 15 h, 76%; (e) (i) PPh3, CCl4, 80oC, 6 h; (ii) Sodium metal, Ether, 8 h, 68% (for two steps); (f) TBAF, THF, 1.5 h, 97%; (g) NaH, BnBr, THF, rt, 2h, 95%; (h) (i) NH(Me)(OMe), C3H7MgBr, THF, -10oC, 1 h, 90%; (ii) Vinyl magnesium bromide, THF, -78oC then rt, 2 h, 78%; (j) ZnBH4, Ether, -50oC, 1 h, 86%; (k) NaH, BnBr, 0oC to rt 2 h, 95%; (l) PTSA, MeOH, 2 h, 98%; (m) (i)TsCl, Et3N, Bu2SnO, rt, 4 h; (ii) K2CO3, MeOH, 1 h, 85% (for the two steps); (n)  C2H5MgBr, Cu2Br2, THF, -30oC, 75%; (o) 5-Hexenoic acid, Et3N, 2,4,6-trichloro benzoyl chloride, DMAP, Toluene, 3 h, 87%; (p) Grubb’s II catalyst, DCM, reflux, 12 h, 84%; (q) TiCl4, DCM, 0oC, 1 h, 74%.

CHAPTER II
First racemic total synthesis of novel 3,4-dihydroxy-2-(3-methylbut-2-enyl)-3,4-dihydronaphthalen-1(2H)-one 
Naphthoquinones are compounds present in different families of plants; their molecular structures endow them with redox properties, which confer activity in various biological oxidative processes. In folk medicine, often originating among native Ameridian populations, plants containing naphthoquinones have been employed for the treatment of a number of diseases, including cancer. The toxicity and therapeutic activities of these compounds involve the formation of oxygen reactive species. A novel skeleton 3,4-dihydroxy-2-(3-methylbut-2-enyl)-3,4-dihydronaphthalen-1(2H)-one (23) having two cytotoxic natural products (2R,3R,4R)-3,4-Dihydro-3,4-dihydroxy-2-(3-methyl-2-butenyl)-1(2H)-naphthalenone (24) and (2S,3R,4R)-3,4-Dihydro-3,4-dihydroxy-2-(3-methyl-2-butenyl)-1(2H)-naphthalenone (25) (Figure 3) were isolated by A. D. Kinghorn et al. from the chloroform-soluble extract of the roots Ekmanianthe longiflora. Interestingly, both compounds (24 and 25) exhibited vitro cytotoxicity in a small human-tumor cell-line panel. The biological potential of these compounds has stimulated significant interest in the synthesis of novel skeleton 3,4-dihydroxy-2-(3-methylbut-2-enyl)-3,4-dihydronaphthale-n-1(2H)-one (23).

Figure 3

Scheme 3. Retrosynthetic approach to 3,4-dihydroxy-2-(3-methylbut-2-enyl)-3,4-dihydronaphthalen-1(2H)-one (23)
The retro synthesis of compound 23 is depicted in Scheme 3. Accordingly the synthesis of 23 started from -tetralone (26) involved the OsO4 dihydroxylation, NaClO2/t-BuOOH mediated benzylic oxidation and Aldol reaction as the key steps (Scheme 3).
Our synthesis (Scheme 4) started from the commercial available -tetralone (26) which on treatment with NaBH4 in methanol at room temperature for 30 minutes to afford alcohol 27 in 95% yield. Dehydration of alcohol 27 with PTSA in dry THF at reflux temperature for 10 h to afford the olefin 28 in 90% yield. Compound 28 was reacted with a catalytic amount of OSO4 in the presence of excess N-methylmorpholine, N-oxide in acetone-water (5:1) system at room temperature for 8 h to afford the diol 29 in 75% yield. The compound 29 was protected with 2 equivalents of TBDMSCl and imidazole in CH2Cl2 at room temperature for 8 h to afford disilyl ether 30 in 90% yield. Benzylic oxidation of compound 30 was attempted using chromium(VI)-based reagents such as CrO3-pyridine complex, CrO3 and 3,5-dimethylpyrazole, pyridinium chlorochromate (PCC), pyridinium dichromate (PDC), PDC-tert-butyl hydroperoxide, sodium chromate and sodium dichromate in acetic acid which all gave mixtures of products. However, the keto compound 31 was achieved using NaClO2 and t-BuOOH in CH3CN–H2O (3:1) at reflux temperature for 8 h in 75% yield. Compound 31 was enolized by LDA and alkylated with prenyl bromide in dry THF-HMPA at -78 oC for 5 h to give 32 in 60% yield. Deprotection of disilyl groups in 32 was treated with HF-Pyridine in dry THF at room temperature for 4 h to afforded 3,4-dihydroxy-2-(3-methylbut-2-enyl)-3,4-dihydronaphthalen-1(2H)-one (23) in 80% yield2. 


Scheme 4. Reagents and Conditions: (a) NaBH4, MeOH, rt, 30 min, 95%; (b) PTSA (5mol%), dry THF, reflux, 10 h, 90%; (c) OsO4, NMO, Acetone-H2O (5:1), rt, 8 h, 75% (d) TBSDMCl, imidazole, CH2Cl2, rt, 8 h, 90%; (e) NaClO2, t-BuOOH, CH3CN–H2O (3:1), reflux, 8 h, 75%; (f) LDA, prenyl bromide, THF–HMPA, -78 oC, 5 h, 60%; (g) HF-Pyridine, THF, rt, 4 h, 80%.

CHAPTER III
Development of New Synthetic Methodologies
Development of new synthetic methodologies is an important subject of recent in Organic Chemistry mainly to achieve the selectivity, mild reaction conditions with suitable reagents. Several classical synthetic methodologies involve expensive reagents and catalysts, which are not easily available. To replace all such reagents and catalysts different improved processes have been discovered to carry out the reactions efficiently and conveniently with readily available inexpensive materials. Further, there is a much greater demand on organic chemists for innovation of new mild synthetic methodologies in view of the stipulations laid down by the environmental systems. The threat to ecological and environmental system due to the damage caused by chemicals has usurped a new era of so called “Green Chemistry”. Keeping this in view, the present chapter is designed to develop two new synthetic transformation reactions, which are encountered very often in routine synthesis.  
1. A novel rapid sulfoxidation of sulfides with cyclohexylidenebishydroperoxide 
The sulfinyl group is widely used as an important tool to bring about numerous asymmetric transformations. The efficacy of the sulfoxide in stereoselective auxiliary-induced reactions is mainly due to the steric and stereoelectronic differences between the substituents of the stereogenic sulfur atom: a lone electron pair, an oxygen atom, and two different carbon ligands. Enantiomerically pure sulfinyl group has been used successfully to control the stereochemistry of the product in a variety of transformations, such as diastereoselective reduction of -ketosulfoxides, neighboring group participation of sulfoxides, sulfinyl oxygen as a nucleophile in cyclic and acyclic systems. In spite of various applications associated with sulfoxides, its preparation is an important transformation in organic synthesis. There are numerous methods have been reported in the literature for the synthesis of sulfoxides however, numerous disadvantage associated with those methods like over-oxidation, instability of peroxides and usage of non environmentally benign catalysts for the transformation. To over come all these factors we have developed a new method for the synthesis of sulfoxides from the corresponding sulfides using clohexylidenebishydroperoxide as the oxidaizing reagent (Scheme 5). The reaction was exmine for various systems to produce good yields of the corresponding sulfoxide without the over oxidative sulfone formation3.


Scheme 5. Sulfoxidation of sulfides using cyclohexylidenebishydroperoxide.

2. Highly efficient nitration of phenolic compounds by Zirconyl nitrate
Nitration of aromatic compounds is an industrially important reaction as the nitrated products are intermediates for fine chemicals and pharmaceuticals. Nitration reactions are not usually selective and cause environmental concerns regarding the disposal of large volumes of mixed acids typically employed in this process. A mixture of concentrated nitric acid and sulphuric acid is used as the most common nitrating reagent for the nitration of benzene, alkyl benzene and less reactive aromatic compounds, but highly reactive aromatic compounds, particularly easily oxidized substrates such as aniline, phenols and pyrroles, etc., require mild nitration conditions, thus a wide variety of nitrating reactions have been developed. There are numerous methods are reported in the literature, however, some are associated with limitations regarding non-compatibility with other functional groups and some of these reagents are expensive, hazardous and sensitive to both air and moisture and lack regio specificity. We have discovered a new, mild, operationally simple, and efficient method for the nitration of phenols using zirconyl nitrate in acetone (Scheme 6). Different substituted phenols were subjected to nitration and most of them yielded the mono nitro product exclusively in good yields4. 

Scheme 6. Nitration of phenols by Zirconyl nitrate

3. Synthesis of bis(indolyl)methanes using La(NO3)3.6H2O under solvent-free   
    Conditions
Indoles and their derivatives are important intermediates in organic synthesis in view of their pharmacological activities. During the past few years a large number of natural products containing bis (indolyl) methanes, bis(indolyl)methanes have been isolated from marine sources. Some of these have been found to have interesting biological activity. Therefore the synthesis of these moieties has become interesting targets to synthetic organic chemists and biologists. The reaction of indole with aromatic or aliphatic aldehydes/ketones produces azafulvenium salts in presence of Lewis acids. Thus produced azafulvenium salts can undergo further addition with the second indole molecule to afford bis(indolyl)methanes. Several catalysts has been reported in the literature for the synthesis of bis(indolyl)methanes. In spite of various methods available for the synthesis of bis(indolyl)methanes, still there is scope for the development of milder and new methods to overcome the drawbacks associated with reported methods. This prompted us to look for a new protocol, which would use mild conditions, and enhance the utility for the synthesis of bis(indolyl) methanes. In the present study on the synthesis of various bis(indolyl)methanes by reaction of indoles with a variety of aldehydes in presence of La(NO3)3.6H2O (5 mol%) as a catalyst at room temperature under solvent free condition. Thus, in our attempt, La(NO3)3.6H2O was used in catalytic quantities to synthesize bis(indolyl)methanes5 (Scheme 7).
 
     Scheme 7. Synthesis of bis(indolyl)methanes using La(NO3)3.6H2O
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